A major strategy of federal ITS initiatives and state departments of transportation is to provide traveler information to motorists through various means, including variable message signs, the internet, telephone services like 511, in-vehicle guidance systems, and TV and radio reports. This is relatively uncontroversial, but its effectiveness is unknown.
Introduction
Traffic delays are inevitable given that traffic levels are increasing at a rate faster than new roadways are being built. Advanced travelers information systems (ATIS) and advanced traffic management systems (ATMS) have been proposed and implemented in a number of metropolitan areas to help mitigate congestion. The two types of systems are often integrated because the successful operation of both requires a sensor network that collects real-time traffic data, and an online data analysis package that identifies the current and/or predicts the future states of the system. They, however, differ in how the system state information is utilized. ATIS communicates the information, such as travel time between an OD pair on alternative routes, to individual users through various means in an attempt to help them make better travel-related decisions. ATMS in general takes advantage of the information by operating traffic control devices such as traffic lights, ramp meters, and incident management. ATMS sometimes also refers to advanced transportation management systems or automated transportation management systems. In those cases, it usually encompasses both ATIS and ATMS in the narrower sense.
The objective of this research is to investigate the factors influencing route choice including ATIS, to assess the value of traveler information for motorists, and to understand public acceptance of ATIS. The large body of literature that has examined similar issues is reviewed in the following section. While these studies tried to estimate the benefits of traveler information, they all did so at a theoretical level or in a simulation context, and generally attempted to measure time saved. Our research extends the previous research in two important and practical directions. First, the data for this study is collected in a comprehensive field experiment. In the experiment, a large number of travelers, with or without pre-trip information, drive both freeway and arterial routes in a large real-world network, assess the information, evaluate the importance of information accuracy, and reveal their route preferences for various trip purposes. Second, the focus of this study is to derive the value of traveler information under different circumstances, or users' willingness-to-pay for information services. By the very nature of the design, we are not considering the value of information directly in terms of observed/computed time savings, but rather in perceived reduction of time cost and uncertainty.
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Original paper submittal -not revised by author. Users should be willing to pay for traveler information because such services can reduce travel costs, uncertainty, and anxiety. The benefits of ATIS to users therefore are in terms of not only time and monetary savings, but also emotional and psychological well-being. There are several reasons why it is important to understand users' willingness-to-pay for traveler information. First of all, the true benefits of ATIS cannot be appropriately evaluated without a thorough understanding about willingness-to-pay and consumers' surplus. Second, market share is an important factor determining the impacts of ATIS on the system performance, which is the result of the direct interplay of willingness-to-pay and the cost of acquiring traveler information. Finally, knowing how much users want to pay for traveler information is necessary for the design of sustainable for-profit private or public-private partnership ATIS services.
This research will also help in understanding the route selection process with and without traveler information for different trip purposes. Regression analysis and discrete choice models are the primary methodological tools. The information gained from this study will enable transportation engineers to design future information systems in ways that reduce driver frustration. Reduced driver frustration is likely also to lead to fewer aggressive driving incidents.
The remainder of this paper is organized as follows. The following section reviews previous studies on ATIS and route choice. The next section describes data and the field driving experiment in detail, as well as pre-and after-experiment surveys.
Section 4 provides an account of the statistical modeling efforts and other methodological issues, followed by the interpretation and discussion of results. Conclusions are offered at the end of the paper.
Literature Review
Travelers rely on their spatial knowledge about the physical and built environment to make travel-related decisions, such as job and residential location, vehicle ownership, activity schedule, activity location, travel model, and routes. The decision-making process is also typically subject to a number of determinants and constraints imposed by the physical, built, economic, and societal environment, as well as the imperfection of travelers' perception and cognition capabilities Goodwin 1978, Golledge and Stimson 1997) . Information plays a key role in travelers' perception, cognition, and decision-making processes. Travelers learn about the environment through various information sources, including personal experience, inter-personal communication, maps, and mass media. ATIS has the potential to improve travelers' decision-making process by providing relevant real-time information about the state of the transportation system.
At the individual level, users can benefit from ATIS in terms of travel time savings and travel certainty (Levinson 2003) . Since a number of previous studies have explored theoretical and estimation issues with regard to the value of travel time (Hensher 1975 , Bates 1987 , Jara-Díaz 1990 , Hensher 2001 , Jara-Díaz 2000 , Hensher and Goodwin 2004 and the value of travel time variation (Small et al. 1997 , Small et al. 1999 , the two components of the value of traveler information may be estimated separately. Many researchers have attempted to estimate the travel time savings with ATIS technologies (Kanafani and Al-Deek 1991, Emmerink et al. 1995 , Wunderlich 1995 , Emmerink et al. 1996 , Inman and Peters 1996 , Peckmann 1996 , Wunderlich 1996 , Alder et al. 1999 , Levinson 2003 . Although their findings suggest ATIS could reduce travel time for equipped vehicles and overall, under non-recurrent and recurrent congestion conditions, and with various level of market penetration, several studies conclude that ATIS by itself should not be considered as a solution to peak-period congestion problem or as an effective alternative to traditional capacity expansion (Hall 1993 , Levinson 2003 . The value of reduced travel uncertainty under ATIS, however, has not been rigorously examined and incorporated into ATIS studies. Alternatively, the two components of the value of traveler information may be estimated together by a willingness-to-pay measure. This approach has been explored in several studies based on stated-preference survey in which travelers were directly asked how much they are policy issues. When the majority of the drivers are risk-averse in that they may travel more with improved travel time reliability but slightly increased average journey time, the implementation of ATIS could in some cases hurt the uninformed drivers (Levinson 2003) . There might be a horizontal equity issue in this regard. There have also been discussions on the nature of ATIS. Hall (1996) argued that ATIS should be viewed first as a service to the public, and second as a means for steering traffic toward user optima that utilize feasible alternate routes. Al-Deek et al. (1998) found that traffic diversion with ATIS may reduce overall safety because more drivers use less safe arterial streets. Khattak et al. (2004) provide a discussion of various design and evaluation issues related to ATIS.
The provision of traveler information by ATIS can induce a number of possible short-run responses from the users. Travelers, knowing the level of congestion on alternative routes, may decide not to travel at all, change destinations, change departure times, change modes, and change routes. So far, no evidence suggests that ATIS could significantly affect long-term behavior such as job and residential locations. Most previous studies examined the impacts of ATIS on route choice and traffic equilibrium (Van Vuren et al. 1989 , Koutsopoulos and Lotan 1990 , Ben-Akiva et al.1991 , Mahmassani and Jayakrishnan 1991 , Al-Deek and Kanafani 1993 , Khattak et al. 1993 , Koutsopoulos and Xu 1993 , Chang and Junchaya 1995 , Emmerink et al. 1995 , Hall 1996 , Abdel-Aty et al. 1997 , Maher and Hughes 1995 , Deakin 1997 , Jha et al. 1998 , Yang 1998 , Wunderlich 1998 , Yang and Meng 2001 , Lo and Szeto 2002 , Wahle et al. 2002 , Levinson 2003 , Pattanamekar et al. 2003 , Srinivasan and Mahmassani 2003 , Yin and Yang 2003 , Lo and Szeto 2004 . One study explored the effects of ATIS on destination and route choices for shopping trips (Mahmassani et al. 2003) . This is not surprising because it is conceivable that the most significant impacts of ATIS would be on route choices. These studies differ in assumptions about users responses to information (route switching behavior, fixed and variable OD demand), traffic assignment criteria for informed and uninformed drivers (user optimal, stochastic user equilibrium, social optimal etc.), quality of the information (perfect and imperfect), types of congestion (recurring and nonrecurring), market penetration of equipped vehicles (Ng et al. 1995) . ATIS can be provided by for-profit private companies (Lo and Szeto 2002) , or by the pubic sector, or through a publicprivate partnership (Gilroy et al. 1998) TravTek in Orlando (Perez et al.1993) ; ADVANCE in Chicago (Ligas et al. 1993); and FASTTRAC in Michigan (Barbaresso and Grubba 1993) . In Europe, STORM has been implemented in Stuttgart, Germany (Peckmann 1996) . were then temporarily equipped with a recording GPS unit, which collects vehicle location data at one-second intervals and allows us to track the route actually taken by each subject. To encourage the participation, each subject received a small amount of cash reward ($50). Bhat et al. (1993) provided an interesting discussion on the driver recuitability for ATIS-related experiments based on telephone surveys.
Experiment Design and Data
During the field experiment, each subject was advised to take one of the five selected routes from the origin to the destination. After completing the outbound journey, each subject returned to the origin point using a second route. Then, each subject took a TRB 2006 Annual Meeting CD-ROM Original paper submittal -not revised by author. The GPS data were logged into a data capture device, which allows us (1) to confirm that the subjects traveled the correct route; (2) to obtain actual route or trip attributes such as total travel time, distance, number of stops, stopped waiting time, and speed; (3) to assess the true accuracy of the travel time information provided to the subjects. At the destination, the subjects were asked a number of questions rating trip quality in an absolute sense and in comparison with other trips they made as part of the experiment. Each subject rated (on a 1~7 scale) and ranked the four routes traveled for several different trip purposes including commute, event, shopping, recreational, social/visit, and Sunday drive. They also reported their perceived travel time, distance, number of stops, and speed for the routes they traveled after each route trip. These data were collected to help develop models of drivers' route perception process. Finally, they rated the efficiency, easiness, pleasure, and familiarity of the traveled routes on a 1~7
scale. This information can be used to develop models of drivers' route cognition process. When combined with observed and perceived route attributes, and subjects' final decision, it can help develop behavioral theories and behavioral models of route choice.
Subjects who were given information were also asked about the usefulness and their perceived accuracy of the pre-trip travel time information. They also revealed how often they will use such information if it is provided as a regular service, how much they are willing to pay for the service, and who they think should provide the service. Finally they rated the importance of travel time information for various trip purpose mentioned above.
Methodology
TRB 2006 Annual Meeting CD-ROM Original paper submittal -not revised by author. Two sets of statistical models are derived. The first set of models (section 4.1) describes how drivers' route preferences vary with the presence and accuracy of information, while controlling for observed or perceived route attributes such as travel time, number of stops, stopped delay, specific route, car (make, model, age of car etc.), and demographics (age, male/female, household size etc.). The second set of models (section 4.2) correlates drivers' propensity to the usage of traveler information with the quality of information and drivers' attitudes, socio-economic, demographic, travel behavioral, and other factors.
Route Choice and Traveler Information
Choice behavior in the transportation literature is often depicted as a two-stage process.
First, a choice-set generation process determines the feasible alternatives known and considered by the decision-maker for a choice situation. Then a choice criterion is assumed which eliminates inferior alternatives until the best alternative is identified.
Dominance, satisfaction, lexicographic rules, elimination by aspects, heuristic production rules (if…then…), and utility-maximization are the most common decision protocols (Slovic et al. 1977 , Svenson 1979 , Ben-Akiva and Lerman 1985 , Arentze and Timmermans 2000 . The analysis of route choice behavior in this report assumes that travelers are utility maximizers. Future research may develop route choice models based on the same dataset and other decision criteria and make comparisons.
Random utility theory (Manski 1977) states that utility has two parts, an observable deterministic component and an unobservable random component. The probability of choosing an alternative is equal to the probability that the utility of that alternative is greater than or equal to the utilities of all other considered alternatives. The deterministic or systematic utility of a route being considered by a traveler is: 
U = f (T, V, I, A, P, R, N, D, K, E, B, Q, S, H, F, X)

I:
Pre-commute information about travel time (with or without);
A:
Accuracy of information (rated on a 1~7 scale by subjects and measure by GPS);
P:
Trip purpose;
R:
Number of stops;
N:
Number of turns;
D:
Total delay;
K:
Density of surrounding traffic;
E:
Environmental factors (weather etc.);
B:
Road type (Residential, Signalized Arterial, Freeway, etc.);
Q:
Aesthetic quality of the roadside Environment (high or low);
C:
Level of commercial development along the route (high or low);
S:
Safety of the road (Accidents etc.)
H:
Hour of the day (personal safety concerns etc.)
F:
Familiarity with the route (rated on a 1~7 scale);
X:
Socio-economic and demographic factors describing individual driver.
The method most widely used to operationalize random utility theory is discrete choice modeling. McFadden (1974) applied the logit model to prediction of individual mode choice. Discrete choice models have been continuously improved to address many econometric issues. Binary, multinomial, and rank-ordered logit models are specified in this study to deal with different response variables.
Each subject ranked the four routes traveled for different trip purposes. The rankordered logit model takes the rank of routes as the dependent variable. It is sometimes referred to as the Placket-Luce or exploded logit model. Rank-ordered choice models are of particular interest in survey research because of their cost-effectiveness. They fully utilize the ranks of all alternatives rather than just the most preferred one as in multinomial logit models, so that more information is collected per observation (Koop and Porier 1994). The probability (P) that a subject ranks all four alternatives in a choice set in a specific order w is:
TRB 2006 Annual Meeting CD-ROM Original paper submittal -not revised by author. w i is the i th alternative in the ranking. If choice i is the most preferred and has been ranked first, the choice that is ranked second would then be the most preferred among the remaining alternatives. The probability density and log-likelihood functions of a rank ordered logit model are similar to those of a traditional multinomial logit model. One concern with ranked responses is that the subjects may only care about the most preferred alternative and thus the rank information for the remaining alternatives may not be reliable. For confirmation purposes, we, therefore, also estimated multinomial logit models in which the information about the relative desirableness of the three unselected alternatives is not utilized.
Discrete choice models consider utility as an ordinal measure. The notion of cardinal utility is sometimes useful. Since the subjects also rated the routes on a 1~7
scale besides ranking the routes. We can consider the rated score as a cardinal utility measure. In that case, an ordinary regression model can be specified based on equation
(1) directly for each route and for each trip purpose. This not only provides a means to confirm results obtained from the discrete choice models, but also allows us to examine the variation of the value of information by route attributes. However, the scores rated by the subjects tend to display different means and variations. In order to avoid issues related to non-zero mean and heteroscedasticity, the scores are standardized for each individual subject, and the standardized score is used as the dependent variable in the regression models.
In order to operationalized the proposed theory of rout choice, the perception and cognition processes for learning routes in a network and route attributes must be explicitly modeled. Figure 2 shows how a traveler makes a route choice decision, given actual attributes of one or more routes. Various protocols of choice act mentioned earlier in this section relate the objective reality, i.e. observed route attributes, to the final choice in different ways. But they in general ignore the perception and cognition processes. The statistical models described above can identify the importance of various factors on route preference. The elasticity between information and travel cost derived from the models should provide a way of measuring the value of traveler information differentiated by trip purposes, and by various route attributes.
Information Usage and Public Acceptance of Traveler Information Systems
The success of ATIS depends on the public acceptance of and demand for the technology. ATIS service providers, private or public, want to know the characteristics of drivers who are likely to frequently use traveler information. In order to address those issues, a number of questions regarding the usage of, attitude toward, and willingness to pay for traveler information services are included in the after-experiment survey.
Summary of the subjects' answers to these questions are provided in the Results section.
A binary choice model is also specified to examine the factors affecting the usage of traveler information (1: will use traveler information; 0: will not). The utility of driving with or without traveler information is:
Where
A:
Accuracy of information;
G:
Attitude toward traveler information (perceived usefulness);
F:
Familiarity with alternative routes;
L:
Level of congestion;
Z:
Perceived information acquisition and processing cost;
M:
Travel patterns (commute time, distance, trip frequency etc.)
X:
Perceived information acquisition and processing cost should have a negative impact on the usage of traveler information. In the experiment, information is provided to the subjects for free. Therefore, Z in this case is simply the perceived information processing An ordinary regression model can also be specified and estimated with the frequency of using information (Y) as the dependent variable (rated on a 1~6 scale where 1: less than once per week, and 6: several times per day).
Results of regression model (4) should agree with the results of the binary logit model based on utility function (3) if subjects provided consistent answers in the survey.
Results
Importance of Various Route Attributes for Trips with Different Purposes
All coefficients in the rank-ordered, multinomial, and ordinary regression models of route choice have expected signs. For all trip purposes, drivers are more likely to choose a route that has (observed and perceived) lower travel time, higher speed, fewer number of stops, and better esthetics (Tables 2a, 2b , 3a, and 3b). Drivers also prefer routes that are efficient, easy to drive, pleasant, and familiar (Tables 2c, 3c , and 4). The only exception is that the variable "actual distance" has positive signs in Tables 2a and 3a . The fact that all five routes selected for the field experiment have very similar total distance may cause the unexpected signs. However, variable "perceived distance" in general has expected negative signs in Tables 2b and 3b . Clearly, the perceived distance is different from the actual distance traveled. Subjects seem to have perception biases and have systematically misperceived the distances of some routes. The relationship between actual and perceived route attributes is the topic of an ongoing study.
It is also evident from the results that the importance of route attributes (actual and perceived) varies with trip purposes. Efficiency-related attributes such as travel time, distance, and number of stops are considered more important for commute, event and
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Enhanced road-side esthetics makes a route more attractive for all types of trips, and has the most significant impacts on recreational trips. Level of commercial development is positively related to the attractiveness of route for shopping trips, while its impacts on other types of trips are not significant. There is also evidence of habitual route choice behavior, especially for trips with time pressure. When making commute, event and visit trips, drivers tend to choose a route they are more familiar with than unfamiliar routes.
One explanation is that under time pressure, drivers prefer a more reliable route, and they perceive routes they are familiar with and have used before as more reliable. Another explanation is the anchoring effects of "first-noticed routes" as discussed in Golledge (1996) . Once a driver becomes familiar with a route, he or she has little incentive to switch to a new route with comparable or even slightly better performance because of perceived information acquisition and processing cost, perception threshold, and risk averseness. Several previous studies suggest that travel time is only one of many factors affecting route choice (Benshoof 1970 , Vaziri and Lam 1983 , Ben-Akiva et al. 1984 , Bovy and Stern 1990 , Golledge 1996 , and that the relative importance of those factors The presence of pre-trip information for a route makes a route more attractive, as demonstrated by positive signs of the variable "information" in all models. A brief discussion of this variable is worthwhile. "Information" is a dummy variable which is 1 if a subject rated the accuracy of the information >5 on a 1~7 scale, and 0 otherwise.
Another variable "Information presence" has also been examined, which is 1 as long as traveler information is provided before a trip and 0 otherwise. However, "Information presence" is not statistically significant in all models, fails to pass specification F test, and therefore is dropped from the final models. "Information" (or more precisely "accurate information") is statically significant for commute and event trips in Tables 2   and 3 , which is intuitive. It is not significant for trips with other purposes. These results also confirm findings from some previous studies that the quality and accuracy of traveler information is crucial to the success of ATIS.
In the after-experiment survey, subjects also directly rated their perceived importance of traveler information for trips with various purposes, the findings are summarized in Table 5 , and consistent with the results from statistical models. An abnormal result in Table 5 should be pointed out. Eight subjects believe that information is least important for commute trips. Four of them actually walk, bike, or carpool (as passengers) to work.
Finally, by comparing overall model explanatory power among Tables 2a, 2b , and 2c (likelihood ratio), we can find that cognitive route knowledge (Table 2c ) in all cases explains route choice behavior significantly better than perceived route attributes (Table   2b ), which explain route choice significantly better than observed route attributes (Table   2a ). This suggests that there maybe a structure in the route perception and cognition process as illustrated in Figure 2 . Most choice models applied to study human spatial behavior tend to relate observed attributes directly to the final choice, ignoring the perception and cognition process. Our findings suggest that it should be worthwhile to model route perception and cognition processes explicitly, which calls for corresponding development in spatial choice theory, a promising future research direction.
Value of Information by Trip Purposes, Routes, and Level of Congestion
The elasticity between the presence of accurate information and travel time in the route choice models is a measure of the value of information in terms of equivalent time savings. The value of information clearly depends on a number of factors. Let us first examine the impacts of trip purpose. Results suggest that the provision of information is especially valuable for commute and event trips. Based on the rank-ordered logit models (Tables 2a and 2b ), the value of pre-trip information for commute trips is about It has also been hypothesized that the perceived value of information would be higher when the level of congestion on a route is higher. At least, the actual benefit of traveler information is higher in a moderately congested commute corridor than in an uncongested corridor (Levinson 2003) . Kanafani and Al-Deek (1991) argued that the benefits of ATIS are negatively related to the speed of arterial streets. By using the standardized route score as the dependent variable, we are able to differentiate value of information for the five selected routes (this is not possible in logit models with choice or rank as the dependent variable). Results from these regression models allow us to plot value of information against various route attributes. The ratio of average travel speed of all subjects to the design speed (defined as the 95 th percentile speed) is used in Figure 3 as an indicator of congestion. There is some evidence that information is more valuable on routes with higher congestion, but there are exceptions (event trips in Figure 3a ).
Imagine that a traveler is planning a trip. What is valuable to him or her is the travel time driving tasks (e.g. actual home to work trips) and various information provision strategies. In terms of the monetary value of information, the regression models generate results similar to logit choice models. There is variation for different trip purposes, but travelers would pay no more than $1 for pre-trip travel time information.
When completing the after-experiment survey, subjects were asked directly how much they would be willing to pay for the pre-trip travel time information they had received. 65% subjects said that they would not pay for such service (Figure 4 The market for for-profit private traveler information service is not negligible according to the results. Over 35% of subjects in the experiment have expressed their willingness to pay for such service (Figure 4 ). ATIS should be provided by the private sector at a charge to users, probably with the belief that the private sector would be able to provide more reliable and better service, according to 19% of subjects ( Figure 5 ).
Determinants of Information Usage and Public Acceptance of ATIS
However, the majority of the sample (70%) considers the public sector as the most appropriate provider of free traveler information. Wolinetz et al. (2001) found that 48.5% survey participants are willing to pay for traveler information. It is not surprising that a larger percentage is found in their study because respondents were notified that they would receive information for both their usual routes and alternative routes.
It has already been discussed in Section 5.1 that the accuracy of information is important. When the traveler information is perceived as inaccurate, there may not be any demand for such information services at all. Bad information, even occasional, could hurt the credibility of the service and create uncertainty in the quality of information itself.
Conclusions
The success of ATIS depends on travelers' responses to the information, which are contingent on a number of properties of the information itself: quality, accuracy, usefulness, timeliness, user customization, cost, and the manner in which information is provided. Findings in the study suggest that travelers are willing to pay for traveler information, although the perceived value of information varies by trip purposes, and route attributes. In most cases, drivers are willing to pay no more than $1/trip for pre-trip travel time information. This conclusion is drawn from the field experience stated TRB 2006 Annual Meeting CD-ROM Original paper submittal -not revised by author. combining GPS data with pre-and after-experiment surveys seem to be a promising experiment design methodology. In the survey, subjects can report their perceived route attributes, perceived accuracy of information and other important information. However, the survey must be carefully designed since subjects may confuse the experiment context with their daily routines. For instance, in our experiment, some subjects rated the importance of information for commute trips based on their routine daily commute trips, while some others might have given scores based on the four trips they drove during the experiment. Pre-tests for both the field experiment and survey questionnaire are necessary. Techniques for combing data from stated and revealed preference surveys have been developed and applied for value-of-time studies (Louviere and Hensher 2001) .
They could also be used to design future experiments valuing ATIS.
Another research need is the development of behavioral theories explaining how information provided by ATIS affects travelers' spatial perception, cognition, and decision-making process in a complex, dynamic, and uncertain transportation network.
TRB 2006 Annual Meeting CD-ROM Original paper submittal -not revised by author. The theory should be able to generate testable hypotheses for empirical studies using survey techniques or field experiments.
The net social benefits of ATIS come from several sources: user benefits which is the difference between their willingness to pay and the cost of providing the information, benefits for users not using traveler information, other social benefits resulting from reduced levels of congestion (pollution emissions and fuel consumption). A rigorous economic appraisal of ATIS should be sought for operational traveler information systems. Understanding willingness-to-pay is only the first step.
Finally, it is also evident from the analysis that a number of factors affect route choice behavior, and travel time is just one of them. However typically in discrete route choice and equilibrium route assignment models, the main independent variable that differentiates a driver's choice of route is travel time. This is primarily because other information about the quality of the trip or the valuation of the components of travel time (e.g. delay, stopped time, aesthetics) has been unavailable. The research trend in travel demand forecasting of moving toward disaggregate-and even individual-level models calls for better understanding of route choice at the microscopic level. Future studies should seek to incorporate more route attributes in route choice models and develop spatial behavioral theories that can be applied to study route choice.
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